Viral particles are ubiquitous, very abundant and biologically active components in both marine and freshwater environments (Bergh et al., 1989; Hara et al., 1991; Hennes et al., 1995) . This finding has led to the suggestion that viruses could be responsible for the control of the bacterial population and the primary productivity in the marine environment (Suttle et al., 1990; Suttle, 1992) .
Several authors have shown that viruses and protists can produce similar bacterial mortality in laboratory experiments performed in mesocosms and microcosms (Proctor and Fuhrman, 1990; Fuhrman and Noble, 1995; Steward et al., 1996; Alonso et al., 2000) . In addition, the bacterial mortality caused by viruses could reduce the transfer of carbon to higher trophic levels and increase the recycling of nutrients in the microbial food web (Noble and Fuhrman, 1997) .
To find the ecological impact of marine viruses on bacterial populations, it is necessary to carry out a detailed study of their diversity and host specificity. Virus-host isolates provide model systems to determine the effect and activity of the phage infection on the structure of the natural bacterial communities.
The aim of the study is to investigate the diversity of several phage-host systems (PHS) isolated in the laboratory from samples collected at stations located at the Alboran Sea (Western Mediterranean). Bacteriophages were characterized by plating techniques, morphological analyses (head diameter and tail length), and by the number and molecular weight of the structural proteins. In addition, the nucleic acid composition, chloroform sensitivity, host specificity and adsorption rates were also investigated.
Bacterial strains and viral lysates were isolated from oligotrophic waters in the Alboran Sea (0.004-1.8 µg Chl a l -1 ). Seawater enriched with 0.05% of yeast extract and 0.05% of peptone (ESW) was the medium for the bacterial growth and the phage multiplication. Marine bacteria were grown for 24 h at 22°C and isolated by the spread plate technique. Dominant colonies were isolated and tested for Gram stain, catalase and oxidase production, and motility. The media for their physiological characterization were supplemented with sodium chloride according to the bacterial salt requirements. These bacterial isolates were used for the detection and isolation of marine bacteriophages.
Bacteriophages were obtained by enrichment and the subsequent plaque assay from viral concentrates (Suttle, 1993) . The concentration procedure of viral community involves a gentle vacuum pre-filtration (<130 mm Hg) through fibreglass filters (Whatman, GF/C) and further filtration through 0.2 µm pore-size polycarbonate filters (Millipore, GTTP). The concentration of the virus-size fraction in the filtrate volume was performed using a tangential flow filtration (TFF) system with a 50 kD exclusion size (Filtron, Mini-Ultrasette) at a flow rate of 280 ml min -1 (Alonso et al., 1999) .
Marine phages were isolated and propagated using a modification of the overlay agar technique consisting of the addition of an adsorption step. Briefly, the phage lysates were mixed with the same volume of exponentially growing cultures of the host bacterium. After 30 min at room temperature with gentle shaking, double agar layer was performed. Plates were incubated overnight at 22°C and examined for the appearance of lysis plaques. The phage lysates were stored at 4°C. Viral clones were assigned to different families on the basis of the morphology determined by transmission electron microscopy (TEM). High-titre phage lysates were deposited on 400-mesh copper grids, rinsed with distilled water, and stained with 1% uranyl acetate aqueous solution (pH 4.5). Grids were air dried and photographed at 80 kV using a Kodak Eastman film (400 ASA), with a Philips EM100 electron microscope. Phage size measurements were performed directly on micrographs at a 50 000 magnification. According to the head diameter, viral particles were classified into three size classes (<30 nm, 30-60 nm and ≥60 nm). Tail length was divided into four classes, <30 nm, 30-80 nm, 80-100 nm and ≥100 nm. Head diameter, tail length, and flexibility and contractility of the tails were the main characteristics considered for the morphological characterization of the phages.
The type of nucleic acid was determined by 4-6-diamidino-2-phenylindole (DAPI)-staining technique (Alonso et al., 1999) . Preparations were observed with a Nikon epifluorescence microscope under UV light excitation at ϫ1 000. Viruses containing double-stranded DNA appeared as tiny bright blue fluorescent dots. Additionally, the sensitivity of phages to ribonucleases was tested by supplementing the soft agar with 40 µg ml -1 of ribonuclease. Each assay was carried out in duplicate, and the RNA bacteriophage MS2 (specific to Escherichia coli) was used as a control.
To test the sensitivity to chloroform, a 1 ml volume of the phage suspension containing ~2 ϫ 10 5 plaque forming units (p.f.u.) ml -1 was mixed with 0.2 ml of chloroform, vigorously shaken for 1 min, and maintained at 30°C for 30 min. The aqueous phase (5 µl) was dotted on a lawn of the host bacterium. Phages were considered resistant if either clear or turbid lytic zones were observed.
The adsorption rate was measured by assaying the free and total phages in an adsorption mixture after 30 min in ESW. Exponentially growing cultures of the host bacteria were mixed with the phage lysates at a multiplicity of infection (m.o.i.) of 1/100. This adsorption mixture was immediately titred for total phages, incubated at room temperature for 30 min with gentle shaking, and finally diluted 100-fold (with ESW) and centrifuged for 20 min at 3 000 g at 4°C. The number of non-adsorbed viruses was calculated from the supernatant by the double agar layer technique.
Viral clones were disintegrated at 70°C for 5 min and subsequently their structural proteins were separated and analyzed by electrophoresis on 12.5% SDSpolyacrylamide gels (SDS-PAGE) at 20 mA. The molecular mass marker used for the calibration was Sigma SDS-6H. Gels were silver stained (Amersham-Pharmacia, Biotech).
Phage isolates were analysed for host range and specificity. These assays were performed with bacterial strains isolated from the Alboran Sea. Viral suspensions (10 5 p.f.u. ml -1 ) were spotted on soft agar layers containing the marine bacterium to be tested. The sensitivity of the bacterial strains was detected by the appearance of lytic zones.
A total of 59 bacterial strains were isolated from coastal seawater of the Alboran Sea. The enrichment and isolation of bacteriophages was only possible using as hosts five of these bacterial strains named as A-1, P-1, B-1, B-2 and B-3. These bacteria were partially differentiated by morphological and physiological studies. All of them were Gram-negative motile rods, oxidase and catalase positive (except P-1), unable to grow in media without NaCl, and their optimum temperature was ~22°C (Table I ). The growth temperature and the requirement of NaCl are indicative of the marine origin of the bacteria. These characteristics are the same as those described by Wichels et al. (Wichels et al., 1998) for host bacteria isolated from the North Sea. Host strains A-1, P-1, B-2 and B-3 did not show a clear relationship with known strains, while B-1 was identified as Vibrio alginolyticus on the basis of its physiological characteristics (Table III) . The identification of Vibrio spp. from marine PHS has been previously reported by Moebus and Nattkemper (Moebus and Nattkemper, 1983 ). These authors found that all of the 31 bacterial strains from PHS isolated near Helgoland were members of the family Vibrionaceae. Therefore, the characteristics of the bacterial isolates allow us to assess that they are marine strains.
The viral community was concentrated using a TFF system. In a previous study we have shown that this method does not cause inactivation by mechanical damage, and does not select any particular morphological type of viral particle (Alonso et al., 1999) . In Figure 1 the effect of the concentration procedure on the abundance of virus-like particles (VLP) is shown. The viral concentrate was dominated by icosahedral VLP without tails that were morphologically intact, indicating that they are potentially infective particles. Neither filamentous nor pleomorphic phages were observed. Although occasionally star shaped (Oren et al., 1997) , or lemon shaped (Guixa-Boixareu et al., 1996) VLP were described from environments with high salinity, this gross description of the viral community agrees with others previously reported from very different marine environments in which a large proportion of the VLP were bacteriophages (Bergh et al., 1989; Hara et al., 1991; Ackermann, 1992; Wommack et al., 1992) .
In all the cases, bacteria were lysed by phages from the same sample. The isolation of phages using bacterial strains from other locations was not successful, which is consistent with the results obtained by Moebus (Moebus, 1980 (Moebus, , 1987 . This author suggests that the phage isolation is easier with bacterial strains isolated from the same sample that contains the natural phage population. The host range of the 26 phage lysates isolated was analysed using bacterial strains isolated from the same location. In all the assays, phages infected only the host strain used for their isolation. This narrow host range may be the result of an acquired resistance to the co-occurring viruses previously described for both bacteriophages and cyanophages (Børsheim, 1993; Cochlan et al., 1993; Waterbury and Valois, 1993; Cottrell and Suttle, 1995) . For this reason, several cross-infection assays on bacteria isolated from different stations were performed. In addition, phages specific to B-1 were tested for infection on several strains of V. alginolyticus. In all the cases phages isolated from the Alboran Sea were highly specific, since they infected only their original hosts. In contrast to algal viruses, the bacterial viruses have been reported to be highly specific (Moebus and Nattkemper, 1981) . In fact, Børsheim (Børsheim, 1993) and Wichels et al. (Wichels et al., 1998) showed that the majority of marine phages are specific to bacterial species, being easy to find resistant strains. These authors found that ~73% of marine bacteriophages lyse only the original host bacterium.
The main characteristics of marine phages isolated in this study are shown in Table II . All the viruses form plaques on a lawn of the host bacteria, possess an icosahedral head, contain DNA, and are not sensitive to chloroform (except phage 16). Previous studies have shown that there is not a wide diversity in relation to the type of nucleic acid; all the reported phages isolated from seawater (Wichels et al., 1998) or from freshwater (Demuth et al., 1993) contained DNA. The isolation of phages sensitive to chloroform has been occasionally achieved by several authors (Hidaka, 1973; Frank and Moebus, 1987) . However, the frequency of marine isolates sensitive to chloroform is very low, and the results vary considerably with the methodology used. On the basis of these results, it can be assessed that the phages isolated in the present study have the typical characteristics previously described for marine bacteriophages (Børsheim, 1993) .
Morphological studies by TEM reveal that most of our phage lysates are included in two of the three tailed families of the Caudovirales order (Maniloff and Ackermann, 1998) . They belong to the Myoviridae family of the International Committee on Taxonomy and Viruses (ICTV) (Pringle, 1998) , or are classified into the Siphoviridae family (with long non-contractile tails). Phages belonging to the Podoviridae family were not isolated, and only two of the phage lysates not have visible tails (Figure 2 ). Bacteriophages could not be clearly differentiated according to their fine structures. Similar morphological characteristics were described for 75 cultivated phages from the North Atlantic (Frank and Moebus, 1987) , and for >4 000 marine bacteriophages from culture collections (Ackermann, 1992) . These authors showed that tailed phages constitute >96% of the total number, and only ~4% have filamentous, isometric or pleomorphic morphology.
All phages have icosahedral heads with diameters between 16 and 78 nm, and the most abundant size class ranged from 30 to 60 nm of head diameter ( Figure 3A) , and above 100 nm of tail length ( Figure 3B ). The viruses have morphological characteristics typical of other reported marine bacteriophages (Noble and Fuhrman, 1997) , and their average size is in the range found for VLP in other oligotrophic environments (Klut and Stockner, 1990) .
Our observations are in concordance with those of Cochlan et al. (Cochlan et al., 1993) and Weinbauer et al. (Weinbauer et al., 1993) , who found that viruses with a JOURNAL OF PLANKTON RESEARCH VOLUME  NUMBER  PAGES -  capsid size between 30 and 60 nm are the most abundant in natural viral communities, while viruses larger than 80 nm constitute only a small fraction. The viral size shown in this study confirms that large VLP are specific to eukaryotic hosts (Van Etten et al., 1991) , and can have important methodological implications in relation to the use of epifluorescence microscopy with DAPI staining to count VLP. The determination of VLP abundance by this method without previous knowledge of average viral size could cause an important underestimation (Alonso et al., 1999) . A higher viral production rate or a lower decay rate of small VLP can explain their higher abundance.

The adsorption rates of the bacteriophages specific to bacterial strains A-1 and P-1 were determined by assay of the unadsorbed phages in an adsorption mixture for 30 min (Figure 4) . The adsorption rate of phages specific to A-1 was very low (0 and 17%), except in the case of phage 3, in which 90% of viral particles were adsorbed in 30 min. The adsorption rates of phages specific to P-1 were higher, ranging from 37 to 95%. According to this characteristic bacteriophages can be classified into four groups: (i) phages 8, 9 and 14; (ii) phages 12 and 13; (iii) phages 7, 10, 11 and 15; and (iv) phages 5 and 6.
The protein profiles of viral clones have been compared on silver-stained SDS-polyacrylamide gels. All the viral isolates contain at least two or three major proteins (more intensive bands), and a variable number of minor proteins. The molecular weights of the major proteins do not vary among phage lysates specific to the same bacterial strain. Wilson et al. (Wilson et al., 1993) have previously described this type of variability of the protein profiles. Although these authors obtained different protein patterns for several clones of marine cyanophages, a major protein with the same molecular weight was present in all of them.
Several groups of protein patterns can be distinguished according to the number and the molecular weight of the minor proteins. The protein profiles of all of the viral clones specific to the bacterial strains A-1 and B-1 are included in only one group (I and IX, respectively). On the contrary, viral clones specific to the bacterial strains P-1, B-2 and B-3 can be discriminated in several types. The protein profiles observed, and the bacteriophages included in each one are shown in Figure 5 . Only phages 9 and 12 (group VI) have shown a relatively specific protein profile. A relationship between the classification according to adsorption rates and that based on protein profiles was not observed. Therefore, several criteria should be considered simultaneously in order to detect the variability of marine phages.
In conclusion, the study shows that these phage isolates are a diverse group that can be representative of marine bacteriophages, and reveals a higher variability than that observed only based on morphological analyses. However, the variability in natural viral communities must be higher, since the isolation of bacteriophages by enrichment with specific host strains is selective. In addition, this study is limited by the culturability of marine bacteria, which may represent only 0.1% of the total bacterial diversity (Ferguson et al., 1984; Staley and Konopka, 1985; Lee and Fuhrman, 1991) . However, although only a small part of the marine bacteriophages was investigated, a great variability has been described.
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